The mammalian liver has a very strong regeneration capacity after partial hepatectomy (PH). To further learn the genes participating in the liver regeneration (LR), 551 cDNAs selected from subtracted cDNA libraries of the regenerating rat liver were screened by microarray, and their expression profiles were studied by cluster and generalization analyses. Among them, 177 genes were identified unreported and up-or down-regulated more than twofold at one or more time points after PH, of which 62 genes were down-regulated to less than 0.5; 99 genes were up-regulated to 2-10 folds, and 16 genes were either up-or down-regulated at different time points during LR. By using BLAST and GENSCAN, these genes were located on responsible chromosomes with 131 genes on the long arms of the chromosomes. The cluster and generalization analyses showed that the gene expression profiles are similar in 2 and 4, 12 and 16, 96 and 144 h respectively after PH, suggesting that the actions of the genes expressed in the same profiles are similar, and those expressed in different profiles have less similarity. However, the types, characteristics and functions of the 177 genes remain to be further studied.
Introduction
In the healthy adult rat liver, liver is a quiescent organ with >90% of the cells present in the G 0 stage of the cell cycle, and their division index is very low (about 1/100600; ref. [1] [2] [3] . However, adult hepatocytes have enormous ability to proliferate in response to liver injury. After 70% partial hepatectomy (PH), hepatocytes in remained liver enter the cell cycle in a highly synchronized manner and undergo 1 to 2 times of cell division, then re-differentiate and rebuild the structure and function of the liver (4 , 5 ) . In the different phases of the liver regeneration (LR), the physiological and biochemical actions of different kinds of liver cells are different, and the categories and amounts of the expressed genes in the regenerating liver are various (6 , 7 ) . It means that PH leads to an orchestrated regenerative response, activating a cascade of cell signaling events, which are necessary for cell cycle progression of hepatocytes and liver regeneration (8 ) .
Results
The genes expressed in liver regeneration 3,205 expressed sequence tags (ESTs) that were expressed highly and specifically in the regenerating rat liver after PH were screened by suppression subtractive hybridization (SSH). 551 of them were selected to make cDNA microarray, of which 177 genes were identified unreported and up-or down-regulated more than twofold at one or more time points. Accord-ing to their expression characteristics at different time points during LR, the genes were categorized into six groups: (1) expressed in the immediate early phase (IEP, 2-4 h after PH), of which expression of 23 genes were altered. Among them, 15 were up-regulated, 5 down, and 3 showed either up or down at different time points; (2) expressed in the early phase (EP, 4-8 h after PH), of which expression of 38 genes were altered. Among them, 17 were up-regulated, 18 down, and 3 either up or down at different time points; (3) expressed in the intermediate phase (IP, 12-24 h after PH), of which expression of 65 genes were altered. Among them, 39 were up-regulated, 22 down, and 4 either up or down at different time points; (4) expressed in the early-late phase (ELP, 24-36 h after PH), of which expression of 20 genes were altered. Among them, 12 were up-regulated, 3 down, and 5 either up or down at different time points; (5) expressed in the late phase (LP, 48-72 h after PH), of which expression of 27 genes were altered. Among them, 16
were up-regulated and 10 down, and 1 either up or down at different time points; (6) expressed in the terminal phase (TP, 96-144 h after PH), of which expression of 4 genes were altered. Among them, 4 were down-regulated ( Figure 1 ). These results showed that 62 genes were down-regulated, 99 genes up to 2-10 folds, and 16 genes either up or down at different time points during LR.
Chromosome location of the genes expressed in liver regeneration
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Structure of the expressed genes in liver regeneration
The structure of the 177 genes was analyzed by using BLAST and GENSCAN (Table 2 ). These results showed that 52 genes were made up of ≥10 extrons, 102 genes ≤9 extrons, while the structure of 23 genes was unclear. 
Cluster analysis of genes expressed differently in liver regeneration
Cluster analysis was done to facilitate the visualization and interpretation of the gene expression program represented in this very large body of data. The results showed that the distribution trend of the 177 genes is as follows: the genes altered in the beginning phase of LR are more than those in the other phases; the genes up-regulated in LR are more than those down-regulated; the expression folds of up-regulated genes are higher than the suppression folds of the down-regulated; and the expression changes of the down-regulated genes are more complex than those of the up-regulated (Figure 2A ). On the basis of similarities in their expression patterns and display results in a compact graphical format, 18 kinds of ramose gene expression clusters are generated ( Figure 2B ). Cluster analysis of genes expressed at 12 time points after PH showed that the 177 genes are categorized into 8 patterns of gene expression based on the similarity, that is, 2 and 4, 8, 12 and 16, 24, 36, 48, 72, 96 and 144 h, and are placed in a major branch of the dendrogram (Figure 3 ).
Discussion
In this study, 177 unreported genes were identified by microarray to be associated with the rat liver regeneration. It shows that a large number of genes related with LR remain to be found and studied. It was found by the analysis of chromosome location of genes that 131 genes were located on the long arms of the chromosomes and 25 genes were on the short arms. This is responsible for the structure of chromosomes. In the 177 genes, expression of 61 genes was altered in the intermediate phase of LR. It means that the progress of S phase of cell cycle is involved in lots of genes. It was confirmed that 99 genes were up-regulated in LR and 62 genes down, suggesting that the number of the activated genes were more than that of the suppressed ones.
Following the cluster analysis, the 177 genes related with rat liver regeneration were categorized into 18 distinct temporal patterns of induction, and based on the similarity, the 177 genes showed 8 expression profiles, that is, 2 and 4, 8, 12 and 16, 24, 36, 48, 72, 96 and 144 h, indicating that the genes expressed in 
Materials and Methods
Partial hepatectomy of rats and RNA isolation 
Subtracted cDNA library construction and screening
The subtracted cDNA library was generated from total RNA by PCR-Select TM cDNA subtraction kit (Clontech, Palo Alto, USA) following the manufactory's instruction. Briefly, total RNA was reversetranscribed into double cDNA strands and digested with restriction enzymes, followed by subtracted hybridization with drivers and testers. Finally, with suppression PCR (polymerase chain reaction), differential expression sequence tags were performed to construct subtracted cDNA library (13 ) . The subtracted cDNA library was cloned into T/A vector and screened by PCR with nest primers 1 and 2.
cDNA microarray construction 551 cDNA fragments were amplified by Nested PCR. Primers 1 and 2 were purified by NaAc/isopropyl alcohol. Subsequently, they and 50 controls (8 negative, 12 void, and 30 internal) were doubly spotted onto glass slides by ProSys-5510A spotting machine following designed project and comprised 8 submatrixes (48*24) occupying 9×18 mm (BioStar, Shanghai, China). Then the gene chips were ready by hydrating, blocking and drying (13 ) .
Hybridization and scanning
RNA prepared from rat livers before PH was ready for a reference for all cDNA microarray analyses.
Total denatured RNA was reverse transcribed with Cy3-conjugated dCTP (control group) and Cy5-conjugated dCTP (test group) (AmershamPharmacia Biotech, England) using MMLV reverse transcriptase (Promega) with olig(dT) primer. After bath incubation for 2 h, labeled buffers I and II were subsequently added to the reaction. The control group and test group were mingled together symmetrically and stored, avoiding light for application (13 ) . The glass slices were prehybridized at 42℃ for 5-6 h in hybridization buffer containing freshly cooked shared salmon sperm DNA. The labeled denatured probe was hybridized against cDNA microarray with overnight (16-18 h) incubation at 42℃. The slices were then washed twice with 2×SSC containing 0.5% SDS at room temperature for 5 min, once with 0.2×SSC containing 0.5% SDS at 60℃ for 10 min, and finally with 0.2×SSC at 60℃ for 10 min. The slices were exposed to photographer. Hybridized images were scanned by a fluorescence laser scanning device, Gene Pix 4000A. At last, two hybridizations were performed at each time point. In addition, a semiquantitative inspection of the hybridization results was performed for (1) green signal (down-regulation); (2) yellow signal (no obvious regulation); (3) red signal (up-regulation).
Data analysis
The cy3 and cy5 signal intensities were quantified by Gene Pix Pro 3.0 software. Subsequently, we normalized the obtained numerical data with classical linear regression techniques. In brief, quantified cy3 and cy5 signal intensities were obtained when foreground signal intensities were deducted by background signal intensities, and cy5 signal intensity was replaced by 200 when it was <200. When Ri (Ri=cy5/cy3) was between 0.1 and 10, Ri was taken logarithms to generate Ri [log (Ri)] and ND was taken by EXP (R) (averaged Ri ). The modified cy3* was generated when taking ND multiply cy3 and was replaced by 200 when it was <200. The ratio was performed by cy5/cy3*. Therefore, we selected genes whose ratio was more than 2 or less than 0.5, representing a twofold difference in expression level. To analyze the selected gene expression data, we applied GeneMaths cluster analysis and performed hierarchical clustering to apprise the number of groups. Euclidean distance was used as the dissimilarity measure. Whole analyses were executed with Microsoft Excel and GeneSpring (Silicon Genetics, San Carlos, USA).
Structure and chromosome location of the genes
The base sequence assay of ESTs was carried according to the current protocols in molecular biology. The EST sequences were sent to GeneBank to perform homology analysis. The accession number of the whole novel ESTs is achieved. In virtue of rat genome database (RGD), electronic cloning and chromosome location of the unreported ESTs representing unreported full-length cDNA were performed successfully. They were searched at http://www.ncbi.nlm.nih.gov/ genomeguide/rat/index.html/ for gene location in chromosome and genes corresponding with WGS (Whole Genome Shotgun). By delivering the sequences to GENSCAN, we acquired CDS (coding domain sequences) supported by the full-length cDNA. Compared with known proteins in virtue of BLASTP (http://www.ncbi.nlm.nih.gov/BLAST/), their functions and accession numbers were achieved.
